Objectives. To assess how integration of HIV surveillance and field services might influence surveillance data and linkage to care metrics.
T he purpose of HIV surveillance in the United States is changing. The HIV surveillance system was initially designed to monitor the growth of the HIV epidemic and define the populations most affected by HIV/AIDS. Scientific evidence demonstrating that effective treatment prevents HIV transmission, 1 that early treatment initiation improves clinical outcomes, 2 and that a large number of people living with HIV are not engaged with care 3 has led to fundamental changes in HIV prevention, with a new emphasis on case finding and treatment.
This emphasis has resulted in an increasing reliance on surveillance data to direct public health interventions, a strategy the Centers for Disease Control and Prevention (CDC) has called "data to care." 4 In this new paradigm, health department surveillance programs track the individuals who currently live within their jurisdictions and their current health status, rather than simply collecting information on case numbers and demographic characteristics, and then use those data to promote engagement with HIV care and viral suppression.
Surveillance data are collected and managed by local and state health departments, and these departments submit data without identifiers to the CDC. The CDC then uses nonname identifiers to attempt to de-duplicate cases. However, without a centralized repository of truly identifiable case surveillance data, cross-jurisdictional migration can result in duplicate case reporting. 5 To varying extents, health department HIV programs investigate each case that newly enters their local surveillance system with the goals of (1) determining whether a newly reported case is a new diagnosis and characterizing the epidemiological features of that case, (2) ensuring that newly diagnosed individuals successfully link to medical care, and (3) providing partner services, interventions designed to deliver HIV testing, other prevention services (including preexposure prophylaxis referrals 6 ), and treatment (if needed) to the sexual and needle-sharing partners of people newly diagnosed with HIV. In many areas, these 3 goals are not well integrated. In some instances, each goal is addressed independently through separate surveillance activities, partner services, and links to care teams. Starting in 2001, the Public Health-Seattle & King County (PHSKC) HIV/STD (Sexually Transmitted Disease) Program began integrating surveillance and field services with the objective of more efficiently achieving each of the 3 goals. 7 We have previously described the outcomes of partner services efforts in identifying new cases of HIV infection in King County. 8, 9 Here we describe our ap- 10 The majority of cases are found initially through receipt of HIV-indicative laboratory test results. Most laboratories and health care facilities in Washington submit laboratory data electronically to the Washington State Department of Health. All data are matched bimonthly against the Enhanced HIV/AIDS Reporting System (eHARS), a Web-based platform that enables HIV surveillance data to be securely entered, stored, managed, and reported to the CDC. Laboratory data that match a previously existing case are retained in the Laboratory Tracking Database with a corresponding identifier and subsequently uploaded into eHARS and linked to existing records corresponding to the case. Laboratory results that do not match a known case are returned to local health jurisdictions (e.g., PHSKC) based on the geographic location of the ordering provider/facility for follow-up investigations.
The PHSKC field services unit is divided into teams assigned to specific infections and populations. The HIV partner services team is responsible for promoting HIV testing among the sexual and needle-sharing partners of newly diagnosed individuals and ensuring that individuals with newly diagnosed HIV are linked to HIV medical care. The field services team consists of 2 disease intervention specialists (1.4 full-time equivalent) and a surveillance coordinator. The disease intervention specialist with primary responsibility for the team's work is funded through HIV surveillance and partner services grants and shares an office with the HIV surveillance coordinator in the PHSKC STD Clinic.
When a potentially new HIV case is identified, the team assesses whether the case was previously recorded in the Washington State eHARS. If the case does not already exist in eHARS, staff members review the individual's medical records to collect contact and demographic information and clinical and epidemiological data. PHSKC has an agreement with the majority of the large health care organizations in King County that provides staff members with remote access to electronic medical records. If, in the course of a chart review or other investigation activities (including partner services interviews), staff members find evidence suggesting that an individual moved to Washington after being diagnosed in another state, they contact the surveillance team in the other state to determine the individual's earliest HIV diagnosis date and residence at diagnosis, resolve missing or conflicting case data, and discuss the individual's probable current residence.
The field services team attempts to provide partner services to all newly diagnosed HIV individuals and ensure linkage to care for all unsuppressed individuals with newly reported infections. The King County disease intervention specialists have not undergone any formal training in linkage to care, nor do they use a defined behavioral intervention to promote linkage to care. Investigations of people with newly reported HIV infections are not closed until care linkage is confirmed or until the disease intervention specialists, disease intervention specialist supervisor, and program medical officer determine that additional efforts to promote linkage would be futile; the disease intervention specialists maintain a list of inactive cases in which individuals never linked to care and periodically assess care engagement, incarceration, and out-of-jurisdiction migration.
We define confirmed linkages on the basis of laboratory tests ordered by medical providers and reported to the surveillance team, medical record reviews, or direct communications with health care facilities verifying that an HIV care visit occurred. Newly diagnosed individuals (without evidence of an existing HIV care provider) are invited to participate in the PHSKC One-on-One program, which allows individuals to be seen by a public health medical provider for a clinical assessment, initial laboratory evaluation, and counseling, usually within several days of diagnosis.
11 Ensuring that all individuals link to care is a central goal of the One-on-One program.
The HIV program's medical officer, surveillance epidemiologists, field services supervisor, and disease intervention specialists who provide HIV partner services meet monthly to discuss the status of all newly reported cases, facilitating exchange of information between field services, surveillance, and medical staff and allowing the team to develop strategies to assist people with HIV infection thought to be at high risk for treatment failure or HIV transmission and partners who are at high risk for HIV acquisition.
Data Sources
Several data sources were used in our analyses: eHARS, reported laboratory records, STD Clinic records, electronic medical records, and partner services databases. We used the following eHARS elements in our analysis: the year the individual entered the King County surveillance system, date and facility of the individual's HIV diagnosis, date of birth, sex at birth, and risk transmission category. Date of specimen collection on reported laboratory records was assumed to be a marker for an HIV care visit and was used to evaluate linkage to care. One-on-One visit records were used to identify individuals who participated in the program.
PHSKC has used a series of locally developed databases to capture partner services interview data and to record investigative notes. In 2014, we started assigning a disposition to each newly reported person indicating whether the person was newly diagnosed or had confirmed or unconfirmed evidence of being diagnosed within or outside the United States. Prior to 2014, this information was captured less systematically in other fields.
Analysis
Our analysis included adults who entered the King County surveillance system between 2010 and 2015. For the purposes of national HIV surveillance, individuals with evidence of a prior diagnosis not confirmed by another jurisdiction's HIV surveillance program are classified as newly diagnosed. In our analysis, we differentiated individuals with unconfirmed evidence of a prior diagnosis (obtained through self-report or medical record review) from individuals who appeared to truly have been newly diagnosed.
Our analysis involved multiple components. First, we evaluated relative proportions and temporal trends in the number of new diagnoses and imported cases entering the King County surveillance system between 2010 and 2015. Second, we compared the characteristics of cases reported as new diagnoses for the purposes of national HIV surveillance, cases newly diagnosed without any evidence of a prior diagnosis, and cases with unconfirmed evidence of a prior diagnosis; differences between the 2 latter groups were assessed via the c 2 test. All subsequent analyses were restricted to newly diagnosed cases without any evidence of a prior diagnosis.
Third, we evaluated the percentage of newly diagnosed individuals who participated in partner services and One-on-One programs. Finally, we determined the percentages (overall and by receipt of partner services) of newly diagnosed King County individuals who appeared to link to HIV care within 30, 60, 90, and 365 days of their diagnosis. We used multivariable log-binomial regression models to generate adjusted relative risk ratios (RRs) characterizing the relationship between receiving partner services and linking to care within 30, 60, 90, and 365 days of diagnosis after adjustment for year of diagnosis, type of diagnosing facility, age at diagnosis, sex at birth, race/ethnicity, nativity status, and risk transmission category. We used SAS version 9.4 (SAS Institute, Cary, NC) in conducting all of our analyses.
RESULTS
Between 2010 and 2015, 2842 people newly entered the King County HIV Surveillance System. Of those individuals, 1670 (59%) were classified as being newly diagnosed with HIV for the purposes of national HIV surveillance; 196 of these 1670 individuals (12%) self-reported a prior HIV diagnosis or had information in their medical record indicating that they had previously been diagnosed with HIV. Of individuals classified as newly diagnosed for the purposes of national HIV surveillance, 87% were male, 55% were non-Hispanic White, 59% were between 20 and 40 years of age at the time of their diagnosis, 73% were known to be men who have sex with men, and 28% were known to have been born outside the United States (Table 1) . People who were reported (for the purposes of national HIV surveillance) to be newly diagnosed but had evidence of a prior diagnosis were more likely to be female, non-Hispanic Black or Asian, foreign-born, and heterosexual than those who had no evidence of a prior diagnosis; they were also more likely to have had their "diagnosis" reported by an HIV care organization. Nearly half (48%) of the individuals entering the King County HIV Surveillance System between 2010 and 2015 had been previously diagnosed outside of Washington. Of these "imported cases," 86% had been diagnosed in another jurisdiction within the United States, 7% had been diagnosed outside the country, and 7% had an unknown location of diagnosis (Figure A, available as a supplement to the online version of this article at http://www.ajph.org). Over this 6-year period, records corresponding to HIV diagnoses made in all 50 states (and Puerto Rico) entered the King County HIV Surveillance System. Figure 1 presents trends in the number of new diagnoses and imported cases in King County, separating new diagnoses into those reported as new for the purposes of national surveillance (regardless of local evidence of a previous diagnosis) and those that were new according to all available data sources (including unconfirmed self-reports). The number of new diagnoses declined from 2010 to 2015, concurrent with an increase in the number of imported cases. Coinciding with a programmatic shift toward more systematic documentation of information regarding prior diagnoses, the number of cases with an unknown location of a prior diagnosis declined and the number of cases with evidence of being diagnosed outside the United States increased.
All subsequent analyses excluded individuals with confirmed or unconfirmed evidence of a prior HIV diagnosis. A total of 387 newly diagnosed individuals (26%) participated in the One-on-One program at the STD Clinic, 56% of whom were seen in the program within 1 week of the date their blood was obtained for HIV testing. Disease intervention specialists attempted to contact nearly all (98%) newly diagnosed individuals for partner services, 84% were successfully contacted, and 80% were interviewed. The inability of the disease intervention specialists to locate individuals and individuals refusing partner services were the most common reasons for nonreceipt of services.
The percentages of newly diagnosed individuals linked to care within 30 days and 90 days of their diagnosis increased significantly between 2010 and 2015 (30 days: 62% to 82%, test-for-trend P < .001; 90 days: 85% to 93%, test-for-trend P = .003). Unadjusted analyses showed that the percentages of individuals linked to care within 30 and 90 days of diagnosis were higher among those who had received partner services than among those who had not (30 days: 76% vs 66%, P < .001; 90 days: 90% vs 81%, P < .001; Figure 2 ). Similarly, after control for demographic characteristics and other factors, linkage to care within 30 and 90 days of diagnosis was significantly greater among individuals receiving versus not receiving partner services (30 days: adjusted RR = 1.10; 95% confidence interval [CI] = 1.03, 1.18; P = .004; 90 days: adjusted RR = 1.07; 95% CI = 1.01, 1.14; P = .014; Figure 2) .
None of the demographic characteristics were significantly associated with linkage to care within 30 days of diagnosis. However, year of diagnosis and being diagnosed at the STD Clinic, an HIV community-based organization, or an HIV care clinic were positively associated with individuals being linked to care within 30 days.
DISCUSSION
Over the past decade, PHSKC has increasingly integrated HIV surveillance investigations with HIV partner services and efforts to promote linkage to HIV medical care. Our findings suggest that this process, along with improvements in national data and surveillance processes, has allowed our health department to better estimate the true number of new HIV diagnoses in our jurisdiction. It has also allowed us to achieve nearly universal linkage to HIV care through a process that relies primarily on disease intervention specialists to coordinate, monitor, and ensure individuals' entry into medical care. Our findings suggest that integrating surveillance and field services improves HIV surveillance but also highlight the challenges facing local and national surveillance efforts. We observed an increase in the number of in-migrants with previously diagnosed HIV infection and a concurrent decline in new HIV diagnoses.
The growing number of in-migrants with prior diagnoses ("imported cases") likely reflects a true increase in in-migration of people living with diagnosed HIV infection (PLWDH) into King County, an area with a growing population.
12,13 However, it may also be a consequence of increased ascertainment of in-migration resulting from greater efforts by local surveillance and partner services staff to identify and confirm prior HIV diagnoses, along with improvements in national HIV surveillance data. As the number of PLWDH increases, newly diagnosed HIV individuals will represent a small and decreasing percentage of the PLWDH population.
14 If the rate of annual interstate migration in the PLWDH population remains relatively constant, the ratio of imported cases to newly diagnosed cases would likely increase in many jurisdictions.
Migration has the potential to distort surveillance data, and ongoing changes in surveillance data quality complicate the interpretation of observed trends. Prevalent cases that move across state lines are at risk for being erroneously reported as new diagnoses. The CDC attempts to de-duplicate HIV cases through a process called the "Routine Interstate Duplicate Review" or "RIDR," but this process probably misses an unknown proportion of duplicate case reports. 5, 15 We observed a decline in newly diagnosed cases alongside an increase in imported cases, which raises the possibility that ascertainment of in-migration has improved over time and that some unknown proportion of the observed decline in new diagnoses may be an artifact of changing surveillance processes and data quality. Recognition of this possibility should prompt caution when interpreting trends in new diagnoses. Additional efforts are needed to understand how changes in the surveillance system affect epidemiologic monitoring.
Migration of individuals from outside the United States poses a separate but related problem. For surveillance purposes, individuals with an HIV diagnosis predating their entry into the United States are generally classified as being newly diagnosed. As we have reported previously, 16 classification of such cases as new has led to an almost 12% overestimate of new diagnoses and inflated estimates of the proportions of new diagnoses occurring among non-Hispanic Blacks and Asians, women, and heterosexuals. 16 Although imported cases of HIV need to be included in surveillance data to provide an accurate estimate of prevalent cases, efforts to evaluate local transmission patterns would ideally exclude such cases as they are not avertable through local prevention activities.
From a practical perspective, we have identified a number of strategies that can improve a surveillance program's ability to distinguish imported cases from new diagnoses. These strategies include establishing dedicated staffing, negotiating electronic access to medical record systems, establishing routine calls with jurisdictions that have large PLWDH populations to determine individuals' place of diagnosis and residence, and integrating surveillance into HIV partner services. Ensuring that the relevant health departments are notified about cases found to be duplicates through RIDR will also help improve the quality of local surveillance data.
Our findings highlight the feasibility and potential value of integrating linkage to care into HIV partner services and public health clinical services. In many areas of the United States, people newly diagnosed with HIV must interact with multiple individuals from different agencies before seeing an HIV medical provider, a trying process that contributes to delays in linkage to care. PHSKC strives to streamline this process. The disease intervention specialists discuss both partner services and linkage to care topics when they meet with newly diagnosed individuals, and the One-on-One program enables such individuals to receive immediate clinical evaluations. These activities occur at the PHSKC STD Clinic, illustrating how clinics of this kind can facilitate an integrated approach to managing newly diagnosed HIV patients. Time to linkage to care improved after PHSKC integrated surveillance into partner services and began providing those services to all individuals with newly diagnosed HIV.
The association we observed between linkage to care and receipt of partner services is consistent with a prior report from New York City 17 and suggests that partner services can improve linkage to care. That association, which was based on an analysis of observational program data, could reflect confounding rather than a true intervention effect. At present, the only linkage to care intervention that CDC regards as "evidenced based" is the Antiretroviral Treatment Access Study, a multisession 18 behavioral intervention. 19 Although our findings related to partner services do not rise to that level, we believe that partner services should be regarded as an "evidenced-informed" intervention. This intervention has helped King County achieve nearly universal linkage to care, and it is consistent with ongoing efforts in other areas to rapidly initiate antiretroviral therapy among people with newly diagnosed HIV. 20 
Limitations
There are limitations to the surveillance data included in our analyses and perhaps to the generalizability of our experience. Many of our analyses relied on reported date of HIV diagnosis, a field in eHARS that may align imperfectly with actual diagnosis date. Similarly, date of first reported CD4 or viral load result may imperfectly align with date of care initiation. 21 For example, incomplete laboratory reporting and care visits without laboratory orders may cause the time from diagnosis to linkage to care to be overestimated, or, conversely, laboratory tests ordered through the One-on-One program may underestimate time to linkage to care. We cannot conclude definitively that partner services improved time to linkage to care, as our analysis of observational data may not have controlled for all sources of confounding. For example, there might be unobserved factors that would influence both the likelihood of receiving partner services and time to linkage to care. Also, some of the aspects of our approach in King County may be less feasible in areas with more limited resources or larger epidemics. Finally, 19% of the PLWDH population in King County is not suppressed despite high levels of care linkage, highlighting the need to address each step on the HIV care continuum.
Conclusions
We found that integrating surveillance and field staff into a team responsible for investigating new cases of HIV, providing partner services, and ensuring care linkage was feasible. This approach allowed staff members to collect new data elements (prior HIV diagnosis, nativity, timing of immigration) that improve our program's understanding of the local epidemic and resulted in nearly universal linkage to HIV care. Our system of integration depends on an interdisciplinary team that uses diverse public health resources and operates within the STD Clinic to efficiently respond to new HIV cases.
The CDC is now encouraging state and local public health HIV/STD programs to better integrate their surveillance and prevention activities. Our experience supports such a direction, and some of the aspects of this experience may be helpful to other jurisdictions as they modify the interaction of surveillance and field services teams. 
